and Sowton, 1967) . In some patients death may be due to coexistent severe myocardial damage rather than to a complication of heart block itself, but in others it can be attributed to ventricular asystole or severe bradycardia. In the latter cases control of the cardiac rhythm by drugs or artificial pacing may be effective and life-saving. The purpose of this communication is to review the first 51 cases of complete heart block complicating acute myocardial infarction admitted to the coronary care unit of the Royal Infirmary, Edinburgh, with particular reference to the role of pacing in the management of this disorder of conduction.
Patients
The 51 patients consisted of all those with complete interruption of atrioventricular (A.V.) conduction with independent atrial activity admitted during the first 17 months of the coronary care unit. Patients with A.V. dissociation of the interference type, patients with transient complete heart block after D.C. shock for ventricular fibrillation, and patients with atrial as well as ventricular asystole have not been included. The clinical diagnosis of acute myocardial infarction was confirmed by electrocardiographic and serum enzyme changes in 49 patients. The diagnosis was regarded as established if: (a) pathological Q waves appeared on the E.C.G. accompanied by an elevation of the S-T segment and subsequent inversion of the T wave (World Health Organization, 1959) ; (b) there were changes in the S-T segment and T wave suggestive of infarction accompanied by a significant rise in the serum aspartate aminotransferase (>50 Reitman and Frankel units) and serum creatinine kinase (>80 i.u.) ; or (c) there was left bundle-branch block accompanied by similar enzyme changes (Lawrie et al., 1967) . The diagnosis was also confirmed at necropsy in 20 of these patients and in the two others in whom full electrocardiograms had not been recorded.
Methods
The coronary care unit of the Royal Infirmary, Edinburgh, and its system of monitoring have been described elsewhere (Lawrie et al., 1967 care unit at the patient's bedside. Right ventricular outflow tract pacing was not employed and all electrodes were positioned with the tip at the apex of the right ventricle. Continuously discharging variable-rate, variable-current pulse generators incorporated in the Sanborn Visomonitor were originally used for pacing. The minimum current of 5 MA obtainable with this unit was found to be above the contraction threshold in all patients in whom the electrode was properly positioned. Because The site of infarction and the duration of the QRS complex in complete heart block were of considerable prognostic significance. Involvement of the anterior wall of the heart either with or without concomitant inferior involvement was associated with a high mortality, while isolated inferior infarction carried a better prognosis. Isolated involvement of the anterior wall occurred in 11 patients, of whom 10 died. Combined involvement of anterior and inferior walls occurred in seven patients and five died. Isolated inferior infarction occurred in 33 patients and only nine (27.3%) of these died.
The duration of the QRS complex in complete heart block was of prognostic significance in patients with isolated inferior wall infarction, but of little significance in patients with anterior involvement. Thus in inferior wall infarction with a broad QRS complex of complete bundle-branch block type five out of six patients died compared with only 3 out of 26 with a QRS of less than 0.12 second. However, in infarction involving the anterior wall (with or without concomitant inferior infarction) 11 out of 13 patients with a broad complex and 'four out of five patients with a narrow complex died.
Experience with Pacing (Table II) Electrodes were not inserted in four patients. Two of these died soon after admission to the unit and before electrodes could be inserted. Electrodes were not inserted electively in the remaining two patients early in the series. One of these, who survived, had complete heart block for a few seconds during a period of vomiting. In the other, who died, an electrode was not inserted because severe cardiogenic shock had been present for some hours before the onset of complete heart block. Percutaneous transthoracic electrodes were inserted direct into the heart in seven patients. Three of these were admitted to the unit moribund with ventricular asystole, and transthoracic electrodes produced neither electrical nor mechanical response. A ruptured ventricle, not due to the electrode, was demonstrated at necropsy in two of these three patients. The remaining four patients developed ventricular asystole while being monitored in the unit. In two of them transthoracic electrodes produced adequate pacing and allowed time for insertion of transvenous electrodes, but both subsequently died. The remaining two patients who developed ventricular asystole while being monitored died despite adequate electrical capture of the ventricles by the transthoracic electrode, but without apparent mechanical effect.
Transvenous endocardial electrodes were introduced in 42 patients, 40 of them without prior insertion of transthoracic electrodes. In 14 the development of complete heart block was not associated with deterioration in the clinical state, and pacing was not used. All 14 returned to sinus rhythm and survived. Artificial pacing was used in 28 patients, of whom 12 survived.
Eight of these 12 survivors were paced for Stokes-Adams attacks due to ventricular asystole and for bradycardia associated with depressed mental function, poor peripheral circulation, and hypotension occurring during complete heart block. In seven patients pacing produced a rapid and marked improvement in mental state, skin circulation, and systemic blood pressure. The eighth patient survived despite the fact that pacing had to be discontinued because it produced angina and dyspnoea.
In the ninth survivor complete heart block with bradycardia and periods of ventricular asystole alternated with paroxysms of nodal tachycardia at 115 per minute. Pacing at 120 per minute suppressed the tachycardia and abolished the attacks of asystole. Despite the rapid ventricular rate, the blood pressure rose and there was considerable improvement in mental function and skin circulation. The tenth and eleventh survivors, who had not required pacing during complete heart block, did so when 2:1 block developed and their ventricular rates fell from more than 50 per minute to 30. Pacing abolished faintness and hypotension in one and chest pain in the other. Complications Associated with Pacing (Table III) The most serious complication associated with pacing in the present series was ventricular fibrillation, which occurred in seven patients. In one patient it was mechanically induced during introduction of the electrode but responded to immediate defibrillation and the patient survived. In two patients recurrent episodes of ventricular fibrillation occurred during pacing. The first, who died, had asystole when pacing was discontinued and ventricular fibrillation whenever pacing was attempted. The second, who survived, continued to have recurrent ventricular fibrillation after A.V. conduction had returned and the electrode had been removed. In the four remaining patients ventricular fibrillation occurred after A.V. conduction had returned and competition developed between the patient's own rhythm and that of the pacemaker. Two of them died of ventricular fibrillation and their deaths were probably pacemaker-induced. Both patients had, however, required pacing for asystole and severe hypotension and would probably have died without it. Three of the instances of ventricular fibrillation associated with competition occurred with the Sanborn instrument and one with the Devices continuously discharging pacemaker. In the latter case competition had been misinterpreted as a failure of electrical capture and the pacing voltage had been increased to a relatively high level. Fig. 2 shows that when death occurred it usually did so soon after the onset of complete heart block. Seven deaths (29%) occurred within two hours of the onset of complete heart block and 20 (83%) within 72 hours. The commonest mode of death was cardiogenic shock. Eleven patients died in this manner. One of these 11 was moribund on admission and died before an electrode could be inserted, and in a further patient an electrode was not inserted because severe shock had been present for some hours before the onset of complete heart block. The remaining nine patients died of shock despite pacing. Complete heart block of sudden onset with ventricular asystole accounted for six deaths. One of these occurred before an electrode could be inserted, and in another failure to pace was probably due to an electrical fault. Two patients developed asystole while transvenous electrodes were in situ, but pacing produced neither electrical nor mechanical response. The remaining two patients with complete heart block of sudden onset had severe cardiac failure and had been on large doses of lignocaine for ventricular tachydysrhythmias. Transthoracic electrodes were introduced and electrical pacing of the heart was achieved, but in both cases there was no apparent mechanical response.
The remaining deaths were due to ventricular fibrillation (2), myocardial rupture (3), pulmonary embolism (1), and late unexplained death (1).
Necropsies were performed in 22 of the 24 deaths. (Julian et al., 1964; Paulk and Hurst, 1966; Parsonnet et al., 1967) . However, pacing may be expected to prevent those deaths which are the result of asystole or bradycardia. Various techniques of pacing have been employed for this purpose.
External transcutaneous pacemaking, which has been used by Zoll (1952) and Levowitz et al. (1960) , is usually ineffective in the treatment of asystole in myocardial infarction (Lown, 1967) , and is unsuitable for the management of bradycardia because of pain and skin burns (Escher, 1967 (Paulk and Hurst, 1966 ; Parsonnet et at., 1967 ), femoral veins (G. Sloman, personal communication, 1967 , and percutaneously into the subclavian vein (Yoffa, 1965 ; E. J. Epstein, personal communication, 1967) . When an arm vein is used a relatively stable electrode position can be achieved only by completely immobilizing the patient's arm. This causes discomfort to the patient and impedes nursing. The external jugular vein route is often time-consuming and technically difficult (Paulk and Hurst, 1966 ; Parsonnet et al., 1967) . The percutaneous supraclavicular subclavian vein technique has in most cases proved to be rapid and simple, and, like the external jugular route, has the advantage of providing electrode stability. Its principal hazard is the production of a pneumothorax as occurred in one patient in the present series.
Position of Electrode
A stable and effective electrode position can be achieved reliably only by fluoroscopy. In most hospitals this requires the potentially hazardous transfer of the patient to and from a cardiac laboratory. Because of this danger techniques have been evolved for the blind insertion of electrodes with intracardiac electrographic control with either U.S.C.I. 5F electrodes or special float-in electrodes (Kimball and Killip, 1965; Siddons and Sowton, 1967) . This technique is not always successful even in skilled hands and the risk of subsequent dislodgement of the electrode is high (Frei et al., 1966) . By employing a portable image intensifier especially designed for use in coronary care units these difficulties can be avoided and the electrode can be positioned accurately and rapidly at the patient's bedside.
Asystole or bradycardia requiring pacing may occur unpre-,dictably either at the onset of complete heart block or at any time during its course. If an electrode is not in place death may ensue before one can be introduced and pacing started. It is advantageous, therefore, to have electrodes in position in all patients who are liable to progress to complete heart block as well as in all those who have already developed complete heart block. Approximately 25 % of patients with complete bundle-branch block (Godman et al., 1968) and 50% of patients with second-degree block (Lown, 1967) progress to complete BRITSH MEDICAL JOURNAL 145 heart block. There is therefore a strong case for inserting pacing electrodes in these patients. By contrast, first-degree A.V. block and sinus bradycardia rarely progress to complete heart block without warning from intervening second-degree block (Julian et al., 1964; George and Greenwood, 1967 There is general agreement that asystole is an indication for pacing, though this may not always be effective (Epstein et al., 1966; Paulk and Hurst, 1966; Parsonnet et al., 1967) . The role of pacing in the management of bradycardia in complete heart block is less easy to define (Epstein et al., 1966) . While the cardiac output can be progressively increased as the heart rate is raised to more than 100 per minute by pacing, this is probably accomplished at the expense of increased myocardial work and oxygen consumption. (Paulk and Hurst, 1966; Parsonnet et al., 1967) .
It may be induced mechanically, as it was in one patient in the present series, but it is most commonly the result of competition between the patient's spontaneous rhythm and that produced by the pacemaker. With continuously discharging pacemakers competition is likely to occur. Competition is particularly dangerous in acute myocardial infarction because the fibrillation threshold of the ventricular vulnerable period is reduced . The risks of a competing stimulus producing ventricular fibrillation are increased when the pacing unit has a minimum energy output which is high relative to the contraction threshold-as it is with the Sanborn Visomonitor unit. These dangers can be substantially diminished by using an apparatus which can supply a stimulus energy only slightly above contraction threshold, and can be almost abolished by using a pacemaker of the ventricular demand type (Siddons and Sowton, 1967) .
Complete heart block which has developed during an episode of acute myocardial infarction seldom persists (Friedberg, 1966) , and normal A.V. conduction returned in all survivors in the present series. In most reported cases of complete heart block persisting after acute infarction (Cohen et al., 1958; Curd et al., 1963 ; Bruce et al., 1965; Harris and Bluestone, 1966; Parsonnet et at., 1967) , either it has been recognized before the infarction or the previous state of A.V. conduction was unknown (Penton et al., 1956 ; Gilchrist, 1958 ; Friedberg et al., 1964 (Epstein et al., 1966; Harris and Bluestone, 1966) . Although these deaths may have been due to recurrence of heart block the mode of death has usually not been estab-lished. Documented late relapses are rare and only one such case was encountered in the present series. The risk of removing electrodes after a period of 72 hours without heart block of greater than first-degree is therefore not great. For this reason the long-term monitoring of patients who have had complete heart block does not seem justified when there is a shortage of facilities for intensive care (Oliver et al., 1967) .
Other Methods of Treatment
The effectiveness of other methods of treatment must be considered in assessing the role of pacing in complete heart block complicating acute myocardial infarction. A variety of drugs have been employed in an attempt to restore A.V. conduction, abolish ventricular asystole, and increase ventricular rate. Corticosteroids have been shown to shorten the P-R interval in myocardial infarction (Dall and Buchanan, 1962) , but their effectiveness in abolishing complete heart block has not been established. Mittra (1966) has claimed that a solution of potassium, glucose, and insulin reduces both the duration of complete heart block and the mortality associated with it, but Malach (1967) has shown a higher incidence of increasing heart block in patients who received this solution than in a control group. The sympathomimetic amines-particularly isoprenaline-have been the most effective drugs in the treatment of heart block (Vogel and Brammell, 1967 ; Zoll, 1967) . Isoprenaline may protect against repeated attacks of ventricular asystole by arousing or accelerating idioventricular pacemakers (Gale and Enfroy, 1959) , and may in this way correct a low cardiac output and hypotension when these are due to bradycardia. However, isoprenaline is of little value once ventricular standstill has developed, and it cannot be used to prevent asystole in patients with conduction defects not associated with bradycardia. In addition isoprenaline may readily induce ventricular tachydysrhythmias.
Pacing has the advantage over drug therapy in that it is immediately effective in controlling the electrical activity of the heart at any given rate. It appears to be no more hazardous than isoprenaline, but does require special apparatus and technical skills. When these are available it is probably superior to drug therapy in treating patients with ventricular asystole and patients in whom bradycardia is responsible for clinical deterioration. This represents a minority of those patients in whom complete heart block complicates acute myocardial infarction ; in the majority specific treatment is either unnecessary or unsuccessful. Summary Fifty-one consecutive patients with complete heart block complicating acute myocardial infarction are reviewed with particular reference to the role of artificial pacing in the management of this complication. Complete heart block was present in 22 patients on admission. In 25 of the remaining 29 complete heart block was preceded by some other disorder of conduction-most commonly second-degree A.V. block and complete bundle-branch block.
Transvenous or transthoracic pacing electrodes were inserted in 47 of the 51 patients. The most satisfactory route for insertion of the electrode was found to be the subclavian vein, entered percutaneously. A portable image intensifier permitted fluoroscopy without removing the patient from intensive care. Fourteen of the 47 patients were not thought to require pacing and survived. Twenty-one patients died despite pacing. Substantial clinical benefit was apparent in 11 of the 12 remaining patients in whom pacing was used. The most serious complication of pacing was ventricular fibrillation. In four instances this was the result of competition between the patient's spontaneous rhythm and that of the pacemaker when using continuously discharging pulse generators with high stimulus energies.
It is concluded that in the majority of patients with complete heart block complicating acute myocardial infarction specific treatment is either unnecessary or unsuccessful. In an important minority, however, pacing can ensure immediate and reliable electrical control of the heart rate and thus abolish ventricular asystole and correct the haemodynamic disturbances produced by bradycardia. Since these complications may develop suddenly and unpredictably it is advisable to insert transvenous electrodes in all patients with second-degree A.V. block and complete bundle-branch block as well as in all patients with complete heart block. The principal hazard of pacing in acute myocardial infarction-ventricular fibrillation -can be minimized by using pacemakers of the ventricular demand type.
